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OXFORD 
MATHEMATICAL EXAMINATION. 

EASTER TERM, 1S2S. 



GEOMETRY, ALGEBRA, etc. 



1 . What decimal of a weet is 1 hour 27 minutes and 
H' seconds ? 






e" -f 33 to find ,i 



40 = 



' + 8j- 
^ tu find jr. 

3. If an equilateral triangle be inscrilied in a circle, 
and the adjacent arcs cut off by two sides be bisected, 
the line joining the points of bisection will be trisected. 

4. Given the tangent of an angle to find the tangent 
of half the complement. 

5. By means of Conic Sections inscribe in a given 
circle an equilateral and equiangular nonagon. 

G. Define the parameter to any diameter of the 
ellipse or hyperbola; and shew what relation the ordi- 
nate passing through the focus has to the conjugate 
diameter. 

7. The sides and altitude of a triangle are in arith- 
metic progression. Find the two sides, the base being 
given = a. 

8. State and prove Cardan's rule, and apply it to the 
equation x^ — 3j;+2=0. 
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II. 

1. Clear the following equations from surds: 



4/a + </6 -f n/c = 
v'o + ^6 + n/c == 0. 

2. Demonstrate generally in all the Conic Sections, 
that the rectangle under the abscissae varies as the 
square of the ordinate. 

3. Shew the use of logarithms in calculating the 

value of («- - ft') ic^ + cU^ 

A Tfc 1 /r*/\ A \ ^ sec. A. 

4. Prove that secant (60 + A) = ^ _ ^g ^^^^ ^ 

5. If A, B, C be the angles a, b, c, the sides of a 
plane triangle, sin. (A — B) ; sin. C : : a' — b^ : c^. 

6. In an ellipse the product of the tangents of the 
angles which any two conjugates make with the axis 
= 1 — e^f e being the eccentricity to major axis=unity. 

7. The equations to two straight lines are i/=iax+b, 
and y=ax+p. Find the sine of the angle contained 
by them. 

Ca:^y + Jcy^ = 3 
^- { ^6y« + x^ff^ = 7. ^^"^ ^ ^^^ ^' 



III. 

1. Prove geometrically, that if A and B be any two 
arcs, rad. x cos. (A — B) = cos. A x cos. B + sin. A 
X sin. B. 

2. Shew that impossible roots enter equations by 
pairs. 



S, In the equilateral hyperbola, if at any point an 
ordinate to the axis be taken, and a tangent drawn, a 
perpendicular upon that tangent from the centre pro- 
duced will meet the curve at the opposite extremity of 
the ordinate. 

4. The same construction remaining, find the locus 
of the concourse of the perpendicular and the tangent. 

5. With rectangular axes and the origin upon the 
curve, trace out the locus of the equation 

x'' -f (e — b)j:° — hex + {.x — c) y- = 0, 
distinguishing the several cases it includes, and giving 
the geometrical construction of any case which admits 



G. Two straight lines are drawn forming any acute 

^^ angle; a perpendicular moves along 

^'^ one of them parallel to itself and ter- 

_,y'^ 1 minated by the other. From a fixed 

centre in the base line, with a radius 

always = the perpendicular, a circular arc cuts the 
perpendicular : find geometrically the locus of the point 
of section. 

7, The difference between the arithmetic and geo- 
metric mean between two numbers is 5, and the differ- 
ence between the geometric and harmonic is 4: find 
the numbers. 

8. Right lines being drawn bisecting the interior 
and exterior angles of a triangle ; determine the condi- 
tions on which the rectangle under the sides of the tri- 
angle will he an arithmetic, a geometric, and an har- 
monic mean between the rectangle under the segments 
of the base made by the interior bisector, and the rec- 
tangle under the segments by the exterior bisector. 



DIFFERENTIAL AND INTEGRAL 

CALCULUS. 

I. 



Differentiate (1) « = —. 



1- -^ 'J \ — X 

(2) « = A. /. ;;7== 

(3) tt = €* sin. d?. 

2. Demonstrate the rule for finding the fluxion or 

differential of (;r) ~~ without assuming the binomial 

theorem. 

3. Let Xy tfy z, &c. to n terms be independent va- 
riables : find the differential of their product ; and de- 
monstrate the rule. 

4. The whole surface of a right cone = m-. Find 
its form^ so that the volume may be a maximum. 

5. Integrate and a'x^dx. 

^ x^ — x-^2 

6. What is the form of the equation to the curve, 
whose subnormal is a constant quantity ? 

7. Find the subtangent to the curve whose equation is 
(l/ — ^)^ — «^ + 4:a*x — 6a^x^ + 4!a^x^ — aa:*=0. 

Shew whether it admits of asymptotes ; investigate its 
singular points^ &c. 

8. Expand u = (tan7~^ x) by Maclaurin's theorem^ 
and find the general term. 

9. Trace the curve a^i/^ -^ x^i/^=sa\ Determine 
the number and nature of its singular points^ and find 
the whole area of the curve. 




1. Find the radius of curvature and evolute of the 
semicubical parabola. 

2. Find the area of the companion of the cycloid, 
and shew its identity with the curve of sines. 

3. Find the length of an arc of an elhpse of given 
eccentricity in terms of the eccentricity, 

4. Find the area of the curve whose tangent is always 
equal to a given right line. 

5. Explain how Taylor's theorem and the properties 
of parabolas apply to the subject of osculation of curves. 

6. Find the cone with the greatest convex surface 
which can be inscrihed in a given sphere. 

*/jr — a — Vi + ■/« 

7. Find the value of — when 

'J'-Zax —^ x^ — a 

X = a. 

8. Trace the figure, direction of convexity, &c. and 
find the area of the curve whose polar equation is 

r* — a* cos. ge=0. 
0. In what curves is the subtangent = — the abscissa ? 



MECHANICS. 

1. A cylindrical bar is suspended by a given point 
in a semicircle whose diameter is = the bar. Find the 
inclination of the bar to the horizon, on the supposition 
that the semicircle is devoid of weight. 

2. Find the length of a pendulum that will oscillate 
seconds at the distance of the earth's radius above tlie 
surface, and then determine the point below the surface 
at which it would oscillate in the same time, 

3. If a physical line revolve about its extremity and 



K 



strike another body, at what point in its length will the 
impact take place with the same momentum as if the 
whole mass of the line were concentrated in that point, 
bnt still connected hy an inilexible line with the centre 
of motion ? 

4. FBK is a lever; F the B 

fulcrum. A given force P acts p I 

perpendicularly at a distance \ 

FB=a. The weight of the P 

lever ia b for each unit of length. What must be the 
length FK that the force applied at K to keep the 
whole in equiUbrio may be a minimum? 

5. Find the centre of gravity of any arc of a cycloid. 

6. A body whose elasticity is to perfect elasticity aa 
w» : 1 is projected obliquely upwards, from a point in an 
horizontal plane upon which it impinges and rebounds 
continually. Prove that the ranges and times of flight I 
in the successive parabolas described form geometric i 
progressions, and find their sum, 

7. A half-elastic body is projected downwards from 
the top of a tower with a given velocity ; in the middle 
point of its descent it impinges on a hard plane. With 
what velocity will it arrive at the ground, supposing 
the plane removed after the impact ? 

8. From two ends of a vertical line two bodies are 
projected towards each other with velocities r, v'. Re- 
quired their distance v^hen half the time in which they i 
would meet is elapsed. 

9. If a body be projected obliquely upwards, shew- 
that the square of its velocity will always be equal to 
the square of the velocity of projection diminished by the 
square of the velocity which it would acquire by falling 
down its perpendicular height above the horizontal 
plane passing through the point of projection. 




HYDROSTATICS. 



1. The concave surface of a cylinder is divided into 
(n) annul! in such a manner that the pressure on each 
annulus is equal to the pressure on the base. Given 
the radius of the cylinder, find its height, and also the 
breadth of the (p)^'' annulus. 

2. A given rectangular parallelogram is immersed 
vertically in a fluid with one of its sides coincident with 
the surface. From one of its angles it is required to 
draw a straight line to the base, so that the pressure 
on the parts into which the parallelogram is divided 
may be as m : n. 

3. Water flows uniformly into a given cylindrical 
vessel, and runs out through an orifice in the bottom. 
I'ind the greatest height to which it will rise, the orifi- 
ces of infiux and efflux being equal. 

4. Explain the correction applied to the observed 
height of the barometer for the level of the cistern. 

5. A jet of water spouts from a given orifice in the 
side of a cylindrical vessel ; determine the direction of 
the jet, so that the area included between the curve 
and its chord shall be a maximum. 

6. Jets of water spout from apertures at the same 
depth below the surface of a reservoir at different 
angles of elevation ; determine the locus of the foci of 
tlie parabolas described. 

7. Compare the pressures on the base and curve sur- 
face of a frustum of a paraboloid filled with a fluid. 

8. Let a cubical vessel be filled half with mercury 
and half with water. Find the ratio of the pressure on 
the sides to the pressure on the base. 
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OPTICS. 

1. What lens having one plane surface is equivalent 
to a double concave whose radii each = 20 inches ? 

2. Rays diverging from a luminous point are re- 
flected by a spherical surface — determine the point at 
which each reflected ray cuts the diameter of the sur- 
face passing through the luminous point. 

3. Find the caustic when the reflecting surface is the 
common cycloid and the rays incident parallel to its axis. 

4. Find the position of the prism when the deviation 
is a minimum^ and shew what peculiar efiect is pro- 
duced in that position. 

5. Investigate an expression for the focal length of 
a spherical lens; and shew upon what principle of 
analogy this formula includes that for a spherical 
reflector. 

6. Explain the principle of the kaleidoscope. 

7. A lens is compounded of two double convexes 
and one double concave. Find the focal length of the 
compound lens. 

8.^ Find the caustic when the reflecting curve is a 
circle, the focus of incident rays being on the cir- 
cumference. 



ASTRONOMY. 

1. Define the first point of Aries and the R. A of a 
star ; and explain the mode of determining it. 

2. Describe the method of determining the latitude 
^nd longitude of a fixed star. 

3. Explain sidereal time and a sidereal year: also 



the precession of equinoxes : and how does this last 
cause afiect the jilaces of the heavenly bodies ? 

4. Define equatorial and ]iorizontal parallax: and 
apply the consideration of parallax to deduce the mean 
distance and semidiameter of the moon. 

5. Explain the mean, true, and eccentric anomaly of 
a planet, and the equation of the centre. And shew 
how to deduce the true anomaly, having given the pe- 
riodic time, and the time of motion from the aphelion. 

6. How are the eclipses of Jupiter's satellites em- 
ployed to find the longitude ? 

7. Find the aberration of light in latitude and longi- 
tude. 

8. Explain nutation, and its cause. 



PRINCIPIA, ETC. 

t . Compare the magnitude of the latus rectum with 
the distance from vertex to focus in the different conic 
sections, and describe the use which Newton makes of 
such comparison. 

2. Calling S and H the foci, P any point in a conic 
section, K the point where a perpendicular from S meets 
HP, and L the latus rectum, demonstrate that 

SP + HP : PH :: 2SP + PK : L. 
Also shew, by the help of this deduction, how to find 
the orbit having given (as in the 17th Prop.) the force 
inversely (as dist.)" ; the velocity at the vertex ; and the 
distance from the vertex to the focus. 

3. Compare the velocity of a body revolving in an el- 
lipse at the vertex of the minor axis, with the velocity 
of a hody revolving in a parabola at the extremity of 
the latus rectum. The latus rectum of the parabola 
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being equal to the semimajor axis of the ellipse ; and 
1 

4. A central force varies inversely as D": compare 
the velocity acquired by a body in falling through a 
given space at a point P, with that of a body revolving 
in a circle about the centre of force^ and passing 
through P. 

5. In the hyperbohc spural the centripetal and centri- 
fugal forces are equal. 

6. Let a force tending to a given centre, and which 
varies as D"*, act upon a body at the distance d; deter- 
mine the time of its falling to the centre; and the 
variations in the time of faUing from different distances. 
Also, under what circumstances will the body fall from 
a greater distance in a shorter time than from a less 
distance ? 

7. Find the law of force by which a body may be 
made to describe the equiangular spiral; and after 
how many revolutions it will fall into the centre. Also 
mention any other curves which might be described 
with the same law of force. 

8. If a body be projected from a given point in a 
given direction with a given velocity about a centre of 
force, find the nature and dimensions of the orbit, force 
varying as the distance. 



OXFORD 
MATHEMATICAL EXAMINATION. 

MICHAELMAS TEKM, 182S. 



GEOMETRY, ALGEBRA, etc, 



ind X and y. 



I. 

1. *■ + y = a "^^ 

(:»• + !(') ('' + »") = *i 

3, If from any point within an equilateral triangle 
perpendiculars be drawn to the three sides, their sum 
equals the perpendicular from one of the angles to the 
side opposite. 

3. Prove that in the equilateral hyperbola any con- 
jugate diameters are equal ; and point out any analo- 
gous cases in the other conic sections. 

4. If a conic section be described by the directrix, 
liaving its determining ratio = n, find the ratio of its 
axes, the angle at which the focal tangent meets the 
axis, the magnitude of the latus rectum, and the eccen- 
tricity. 

5. Given cot. A and cot. B, find cot. (A _+ B.) 
^ Cos, A. + sin. A. 



Cos, A. — sin. A. 



: tang, 2A + sec. 2A. 



7. Compute the tangent of 15 degrees to rad. 100. 

8. A dealer sells a horse for 56^, and gains as much 
per cent, as it cost. What did it cost? 

9. The area of a regular dodecagon inscribed in a 
circle = 3 x rad, ". 
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1. State and demonstrate the formula for sin. 
(a +. 6), and find the value of tan. 60®. 

2. In a right angled triangle^ given one of the acute 
angles^ to find the position of the hypothenuse when 
the area is equal to a given square. 

S. The arithmetic, geometric, and harmonic means, 
are in geometric progression. 

4. Give a general investigation of the locus of an 
equation of the 2nd degree. 

5. Sum the series >/b + V3 + ^^ + V &3: ad inf. 



6. Given the angle Y A X. 
Find the locus of the centre of 
gravity of the triangle ABC. 
1st. supposing its area to re- 
main constant ; Sdly. suppos- 
ing B C to remain of a given 
length. 




X 



7. Construct the logarithmic curve, shew its geo- 
metrical properties, and under what conditions two 
logarithmic curves will be similar. 

8. Find the roots of the equation a:*+lla;*-H 
19 x^ — 99a: — 252 = 0, two of which are of the 
form + a, — a. 



III. 

1 . Give an algebraic definition of spirals ; and point 
out the distinction between those which do, and those 
which do not fall into their poles. 



.V 
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2. If the diagonals of any trapezium described about 
an ellipse are bisected^ the line joining the points of 
bisection will pass through the centre. 

3. Calculate the logarithm of 15 in a system^ the 
base of which is 3. 

4. Investigate the locus of the equation^ 

y2 (a — x) — x^ = 0. 

and shew how to construct the curve mechanically, 

5. Given the quotients obtained by dividing each of 
the products of two quantities by the third : to find 
the three quantities. 

6. Shew the values of the successive coefficients of 
the terms of an equation of n dimensions ; and their 
appUcation in the theory of curves, 

7. What is meant by the modulus of a system of 
logarithms ? Shew how it may be found. 

8. The area of an isosceles triangle = -j-. tan. A. ; c 
being the base, and A one of the equal angles. 
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DIFFERENTIAL AND INTEGRAL 

CALCULUS. 



1. Differentiate » 



C^/l + a: — >/l — X 
and tt = A. /• < ■ . — ~ 

t vl + ar + vl — or 

2. Shew that any function may be developed in a 
series of integral powers of h. 

3. Find the dimensions of the greatest cylinder that 
can be cut out of a soUd formed by the revolution of a 
curve round its axis, the equation of which is a" ar* ^ 
y ** + ", and the whole axis = b, 

4. Construct the curve whose equation is 

y^x + a^x — a^ = 0, 
and find its point of flexure. 

5. The normal to a curve is a tangent to the 
evolute. 

6. Draw the asymptotes of the curves the equations 
of which are 

1. —^-j = 0?** (a 4- a:)" 

2. y^ — a:^ = axy. 

7. Give such a proof of Taylor's theorem, as shall 
include that of Maclaurin*s as a particular case. 

dx - dx 

8. Integrate 7^^^=^ «°<i .,3 ^3,., 4 

9. In a right angled triangle whose area is given^ 
find when the sum of the sides is a minimum. 



II. 

1. An ellipse and a circle being described on the 
same major axis, find the ratio between the greatest 
rectangles which can be inscribed in them. 

2. Draw a tangent to an ellipse ; so that the part 
intercepted between the axes produced shall be a 
minimum. 

3. Trace the curve whose equation is J7* — ayx" + 
by^ = 0, and determine the number and nature of its 
singular points. 

4. Find the areas of hyperbolas of all orders, the 
equation being x^y"* = p ,- and point out any singular 
results. 

5. Find the length of an arc of the spiral of Archi- 
medes between any two radii r and r',- and find tlie 
latus rectum of the parabola, in which the arc con- 
tained between ordinates r and r' is equal to the arc of 
the spiral. 

6. Give a general and exact expression fur the 
quadrature of curves of the second degree, or explain 
the difficulties in doing so ; and compare their areas. 

7. Expand u = cos. ~^j; in a series of ascending 
powers of x. 

8. Explain the causes of the difficulties attending' 
the process of integration ; describe some of the prin- 
cipal methods by which in certain cases those difB- 

... 1 ■ . t dx{x^ + o«) i 
culties are overcome ; and integrate — ^ i-= ■ 



MECHANICS. 

1. Given the altitude of an inclined plane, to 
inclination, so that the time shall be a minimum in 
which a body falls down it, and afterwards moves to a 
given point in the horizontal plane with that part of its 
acfiuired velocity which is not destroyed by impact. 

y. Give a full accuunt of the vibrations of pendulums. 
Define a simple pendulum, and describe a practical 
method of finding its length to vibrate in a given time. 

■3, A stone is heard to strike the bottom of one well 
in (t) seconds after it was let fall. In a second well 
(« X () seconds elapsed before the stone was heard to 
reach the bottom. Sound flies at the rate of 1130 feet 
per second. Required the comparative depth of 
two wells. 

4. Determine the position of a prismatic beam si 
pended by two cords of given lengths at its extremit 
from two points in the same horizontal line< 

5. P and Q are two weights connected by a string 
passing over a fixed pulley, Q rests on the convex 
surface of a hyperboloid, the axis of which is perpen- 
dicular to the horizon ; and P hangs freely from the 
pulley which is placed at the centre of the hyperboloid. 
Shew in what cases equilibrium is impossible on tl 
system. 

6. Find the centre of oscillation of the solid generati 
by the revolution of an ellipse about its minor axis, 
point of suspension being in that axis produced. 

7. If two unequal weights (concentrated in points) 
are in equllibrio on a lever, and a rotatory motion be 
given to the system about the fulcrum, will the two 
bodies have equal momenta ? and if not, at wliat 
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relative distances from the centre must tliey be placed 
to acquire equal momenta ? 

8. A body falling from the top of a tower passes 
through J of the height in the two last seconds. Find 
the height. 

9. A glass ball is thrown with a given velocity, and 
strikes at right angles a perfectly hard vertical plane. 
Required the point where the ball will pass the hori- 
zontal plane from which it was thrown. 



HYDROSTATICS. 



1. Compare the pressure on the base of a given 
cylindrical vessel filled with fluid vFith the pressure on 
a base that would he formed by a plane cutting the 
cyhnder at an angle of 45°, and meeting the opposite 
aide in the farther extremity of the base. 

2. Shew the principle on which the relative specific 
gravities of solids and fluids are found by weighing 
Bolids in fluids; and describe the practical application. 

3. If a diving bell be in the form of a cube, find the 
height to which the water will rise in it at a given 
depth. 

4. Investigate the centre of pressure; and shew its 
relation to the centre of percussion. 

5. A paraboloid standing on its base is filled with 
water : required the pressure on the under and upper 
halves of the surface. 

6. Given the dimensions of a cylindrical vessel filled 
with fluid ; find how much will remain in after t seconds, 
if a given orifice is opened in the base, 

7. Explain the application of the barometer to the 
measurement of altitudes ; and investigate a formula 
for the determination of them. 



8. Given the specific gravily ami thickness of the4 
materials of a spherical balloon, and also the specified 
gravity of the gas : find the radius of the sphere ao f 
that it may just float in air, the specific gravity of airn 
being considered as unity. 



1. The image of a straight Une before a. spherical 
reflector is a conic section. Shew in what cases 
image will be an ellipse, hyperbola, or parabola ; and 
also in what parts of the mirror tlie respective parts o£ 
the complete curves are formed, 

S. Given the distance of the image from the lens^.. 
and the ratio of the object to the image, to And tha< 
focal length. 

3. Explain caustics by reflection : and find the 
caustic when the reflecting curve is a logarithmic 
spiral. 

4. Describe the construction of an Achromatic lena^ 
and give the reasons for the construction. 

5. Explain the formation of the primary and se- 
condary rainbow, and shew what must be the altitude 
of the sun that both may be seen. 

G. Define the indeic of refraction; and shew that it 
is a constant quantity for all incidences, the media 
being the same, and the rays supposed homogeneous. 

7, Compare tlie density of light on the sun's image 
formed by a spherical reflector, and on that formed by 
a glass sphere of the same radius. 

8. Investigate a general form for refraction at a 
single curve surface, and adapt it to the several cases, 
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ASTRONOMY. 

1 . The altitude of tlie siui was observed to be hfdf 
of his declination at six o'clock. Prove that twice the 
sbie of the latitude of the place ^ secant of the sun's 
altitude. 

2. Calculate a horizontal sundial for latitude 30". 

S, The earth being supposed t3 move in an elhpse, 
shew how its eccentricity is determined, and Jind the 
relation between the true and mean anomaly. 

4. Explain the mode of finding the compression of 
the earth from measurement of arcs of the meridian. 

5. Determine the path which the shadow of any 
object describes upon a horizontal plane, during the 
sun's apparent diurnal revolution. 

6. Find the curve which a star appears to describe 
about its true place owing to aberration, supposing 
the earth's orbit an ellipse. 

7. Explain the effect of atmospheric refraction, and 
investigate a formula for computing its efl'ects on 
observed altitudes. 

8. Explain the principal methods of fuiding the 
longitude at sea. 



PRINCIPIA. 



1. Let AB be any arc of finite curvature; AG, 
BG normals at A and B meeting in G, and BP per- 
pendicular to the chord AB meeting AG in P. Prove 
that in the limit A G ; AP :: I : 2. 

a. Explain the method of prime and ultimate ratios 
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aa stated and used by Newton, and shew wherein ] 
differs from the methods of exhaustiona, indivisibles, 
etc. and from the fluxional calculus. 

3. The latus rectum of a parabola is given. A body, 
revolving in the curve round the focus, on reaching the 
extremity of the latus rectum, begins to fall towards 
the focus with the velocity with which it reached the 
latus rectum. Compare the time of falling to the focus 
with the time of revolving from the latus rectum to the 
vertex. 

4. Compare tlie centripetal with the centrifugal force L 
of a body revolving in the spiral of Archimedes. fS 

5. Demonstrate Prop. 10, and its corolleries. ^ 

6. A weight W at the end of a string (IJ describes 
a right Z '' cone at the surface of the earth. Required 
the periodic time, velocity, and tension of string. 

7. hi the logarithmic spiral find an expression for 
the time of a body's descent from a given point to the 
centre, and prove that the times of successive revolu- 
tions are in geometric progression. 

!stigate a general expression for 
fugal force. 



OXFORD 



MATHEMATICAL EXAMINATION. 



EASTER TERM, 1829. 



ALGEBRA, GEOMETRY, etc. 

I. 

1. Find the value of £4,271, and 367,1834 days. 

2. Given ^ „ ~ ^ « ^^ >to find x and y. 

3. Investigate an expression for the radius of the 
circumscribing circle in terms of the sides of the 
triangle. 

4. Given a, b, two semiconjugate diameters of an 
ellipse or hyperbola, and their inclination <p to deter- 
mine the axes, 

5. A box in the form of a parallelopiped is filled 
with spherical balls. What portion of the space is 
unoccupied ? 

6. Tangent (45 -f A) = tang. (45^ — A) -f 2 tang. 
2 A. Prove this, and explain what is meant by a 
formula of verification. 

7. Given the logarithm of ^, find the value of 

>/l0 4- '^2 



K, Tlic equations 

x^ + 2x- — SO-F + 24 = 

x» — 8x' — *x + sa = 

liave a couimon root ; find all the roots. 

n. 



1. Investigate a rule for extracting tbe square rootH 
of a binomial such as 7 — */l3. 

2. If A + B + C = t, then 
sin. 2 A + sin. 2B + sin. 2C = 4 sin. A sin. B sin, C. 'j 

3. A certain sum of money consists of £x, and y ■ I 
shillings, and its half of £i/ and x shillings. 

4. AP ia a portion of a common parabola, PT a 
tangent at P, PO the normal, and TQ a perpendicular 
to the axis at T the intersection of tlie tangent with 
the axis. Prove that if OP be produced to meet TQ 
in Q, O Q is equal to the radius of curvature at the 
point P. 

5. Transform the equation a;' — 4t^ + 5x — 2 =: 
into one which shall want its second term. 

6. Give a mechanical description of all the conic 
sections. 

7. Sum .he ,srie» l+^+^-i^+^_+ &c. 

8. Expand (n' — bx')i hy the binomial theorem. 




III. 

1. Extract the cube root of 12.S*.5678, and explain 
the principles of the process, 

2, Determine the conditions under which two tri- 
angles having two sides equal, each to each, and the 



angles opposed to one pair of equal sides equal, shall 
be equal in all respects. 

3. Define similar algebraic curves, and shew under 
what conditions any two hyperbolas are simUar. 

4. Deduce geometrically values for the chord of 
curvature passing through the focus and the diameter 
of curvature at any point of the ellipse, 

5. Given the sine of 1', shew how the sines of all 
arcs to 90° may be calculated, and trace the signs of 
the sine and cosine through the circle, 

6. If a quadrant be divided into any three area, the 
continued product of the cosines of those arcs equals 
the sum of the products of the cosine of each arc into 
the product of the sines of the other two. 

7. If two tangents to the curve of a parabola are at 
right angles to each other, they intersect in the di- 
rectrix. 

8. An angle of a triangle being given in magnitude 
and position, and the sum of the containing aides being 
constant, to find the curve to which the side opposite 
to it is always a tangent. 



S4 



DIFFERENTFAL AND INTEGRAL 

CALCULUS. 



I. 



1. Differentiate (I) w = / , = 

(2) w = COS. « sin. 2ar. 

2. Apply Maclaurin's theorem to find the tangent in 
terms of the arc. 



n 

z^ dz , dx 



3. Integrate ~;r~r — JT » ^^'^^ 



«» -I- ;5r»» ' a — mx 

4. Give the polar equations to curves of the 2nd 
degree^ and state the process of finding any one of 
them. 

5. Required the nature of the curve, the difference 
between whose subtangent and abscissa is to the ab- 
scissa as the tangent to the ordinate. 

6. At points of the greatest and least curvature, the 
osculating circle will have with the curve a contact of a 
higher than the second order. 

7. Inscribe the greatest cone in a given spheroid the 
vertex coinciding with the extremity of the major axis. 

Ct ^ ■ X ^ 37* —— fli -4- (x - Ct)^ 

8. Find the value of , and j—z ^rr — - 

a — X ' [x^ — a^f 

when X = a. 

9. Trace the curve whose equation is 

y = 6 ^ cx^ 4- (a: — a% 
determine its singular points, and find its area. 



II. 

1. Explain the method of resolving any rational 
fraction into its simple or quadratic factors, and shew 
the use of such resolution in the integration of 

dz 

2. Given the length of the arc of a semicubical 
parabola, find when the area included by it, and the 
coordinate of its extremity, is a maximum. 

3. Draw an asymptote to the reciprocal spiral. 

4. Prove that under a given spherical surface a 
hemisphere contains the greatest segment of a sphere. 



5. Find the nature of a c 



B whose area = 



6. Find the equation of the Cissoid of Diodes, and 
draw a tangent to it. 

7. Find the area of the Catenary and the volume 
generated by the revolution of the curve round its 
axis. 

8. Let ai/' — xy = b, it is required to develope y 
in a series of ascending powers of x, and state whether 
any other values oi y can be obtained. 



MECHANICS. 



1. State what are the requisites for a well-con- 
structed balance, and shew on what they depend. 

2. Two bodies are projected from the same point in 
the horizon, and with the same velocity ; the elevation 
of one is 60°, and of the other 30° ; compare the areas 
of the parabolas described. 

3. A body whose elasticity is to perfect elasticity 
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: : m : n, is let fall from a height of p feet, upon al 
perfectly hard plane. What will be the whole spaoi 
described by the body before the motion ceases, andl 
how long will it have been moving? 

4. Give an expression for comparing the relative 
velocities, before and after impact, of all bodies, , 
distinguish the different cases. 

5. When there is an equilibrium on the inclined! 
plane, if motion be communicated, the velocity atm 
power : velocity of weight :: weight ; power. 

0. If the arc of a common cycloid be divided intoa 
four equal arcs, compare the time of descent through 1 
the first quarter with the time of an oscillation. 

7. If from any point M, in a semicycloid A M V, of ■ 
which V is the vertex, a normal be drawn to the ciutc f 
meeting the base in K, the time in which a heavy body | 
falls down the curve from A to M shall vary as A K. 

8. Determine the ratio of the base to the altitude of 
a cone, so that when the cone vibrates about an axis 
passing through its vertex, its centre of percussion , 
shall be in the centre of the base. 



HYDROSTATICS. 



1. Find the density of the air in a common condenser 1 
afVer (t) descents of the piston. 

2, Give the variation for the compressing force on j 
any portion of an elastic fluid whose particles repel j 
each other with forces varying inversely as the fourth | 
powers of their distances. 

S, Shew how the altitude of an homogeneous atmo- .] 
sphere may be found : and prove that at any point it is .1 
the same as at the earth's surface. 



4. Describe the construction of an air pump, and 
explain its principle. 

5. Divide a cylinder filled with fluid into two such 
parts that the times of emptying Che fluid contained in 
each, through a small orifice in the base, may be 

6. Compare the pressure and weight of a fluid in a 
hemispherical basin. 

7. Explain the method of measuring attitudes by 
means of the thermometer and the barometer. 

8. Give the theory of the trade winds. 



OPTICS. 

1. What must be the refracting power of a trans- 
parent sphere in order that it may just collect parallel 
rays to a point in its circumference? 

2. Prove that the angle of deviation of a ray through 
a prism, whose vertical angle is small, is in a given 
ratio to that vertical angle. 

3. Find the variation of the visual angle of an object 
seen through a convex lens. 

4. Define the power of a lens, and shew that in any 
system of lenses the power of the system is ecjual to 
the sum of the powers of the component lenses, 

5. The caustic by refraction of a plane surface for 
rays diverging from a point is the evolute of an elhpse 
or hyperbola. Shew what must be the nature of the 
medium in each case. 

6. State the properties of conic sections by which, 
under particular circumstances, the accurate reflection 
of light may he obtained, 

7. In the case of converging or diverging rays being 
incident nearly perpendicularly on a lens of inconsider- 




able thickness, shew tliat the conjugate foci are mea- 
sured in the same or opposite directions from the 
centre, according as tlie focus of incident rays and 
centre are measured in the same or opposite direction 
from the principal focus of rays incident in the contrary 
direction. J 

8. State the comparative advantages and disad-J 
vantages of refracting and reflecting telescopes. I 

9. A ray of light is incident obliquely upon a spheri- 
cal reflector; determine the intersection of the reflected 
ray, and the axis of the pencil to which it belongs, and 
prove that the longitudinal aberration in the same i 
reflector varies as linear aperture]-, and the lateral as 1 
linear aperturel'. 



ASTRONOMY. 

1 . Give a description of the vertical and horizontal | 
sundials, and explain the position of the gnomon. 

2. Explain the division and use of the vernier. 

3. Explain the use of the barometer and thermometer I 
in determining the effect of atmospheric refraction. 

4. By what arguments is it enforced that the earth | 
revolves about its axis and about the sun, 

5. Investigate the effect of paraUax on the moon's 
diameter. 

C. Explain the different methods of flnding the lati- 
tude of a place on the surface of the earth. 

7. Given the right ascension and declination of a 
star, find its latitude and longitude. 

S. State the causes of a lunar and a solar eclipse, 
and shew how to determine the greatest and least 
number of either kind that can happen in the year. 



PRINCIPIA, ETC. 



i. Give expressions for the paracentric and angular 
velocities of a body in any curve, and find the point at 
which the former is a maximum in the parabola. 

2. Required the equation to the curve in which the 
centripetal and centrifugal forces are equal, and the 
law offeree by which it is described. 

3. Explain what is meant by continued finite curva- 
ture j and demonstrate Lemma VII. 

4. What is meant by absolute force ! and how must 
the expressions for the law of force, deduced by 
Newton, be modified, if the absolute force be taken 
into consideration? 

5. Required the law of the force when Voc as log. of 
the distance. 

6. Compare the velocity of a body revolving in a 
logarithmic spiral with the velocity in a circle at the 
same distance. 

7. Find when the angular velocity of a body revolv- 
ing in an ellipse round the focus increases fastest. 

8. A body is projected from a given point, with a 
given velocity, in a given direction ; and acted on by a 
given force varying inversely as the square of the dis- 
tance. Determine the nature, dimensions, and position 
of the orbit. 



OXFORD 



MATHEMATICAL EXAMINATION 



MICHAELMAS TERM, 1829. 



ALGEBRA, GEOMETRY, etc. 

I. 

1. Express the value of the cube root of 9 in an in- 
finite series. 

2. Express the number 46 in the binary scale : and 
what is 7846 in the duodenary scale equivalent to in 
the common scale of notation ? 

2a 



3. Vx + Va -f a? = . Find x. 

4. If there be inscribed in a circle a regidar figure 
each of whose sides is an m^ part of the radius, the 
secant of the angle at the centre subtending each side 

" 2m^—l' 

5. The axis major of an ellipse coincides with the 
tangent at the vertex of the axis of a parabola, and the 
minor axis with the axis of the parabola ; find the ratio 
of the axes of the ellipse, so that it may cut the curve 
of the parabola at right angles. 



6. Tan. ^ = ^IziiH!: 
2 ^ 1 + cos. 



— COS. A 
A 
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7. Divide a given angle into two parts, so that the 
tangents of the two parts may be in a given ratio. 

8, Solve the equation a:' — ix- + 5x — 2=0, two 
of whose roots are equal. 



IT. 



1. Expand the fraction ^ into two series, in one of 
which tlie teiins shall be alternately positive and nega- 
tive, and in the other all positive, 

2. Required two numbers such that their suni, their 
product, and the difference of their squares may be all 
equal. 

e ^^^i — e n/^^i 

3. Cos. e = t ^JlI 



iV~- 



1 



9 V- 



1 



and sin. S = 



L ruler. 



Req. proof. 

4. If a pencil he attached to any point i 
and the extremities of the ruler be moved in the sides 
of a given angle, to determine the nature of the curve 
traced out by the pencil. 

6. Extract the square root of 8 + 2 "^7 and of 
3 — Vs : and investigate formuhe for the extraction 
of the roots of quantities of this tind. 

6. Given the two sides and the included angle of a 
plane triangle, find the remaining parts, and reduce 
the results to logarithmic computation. 

7. Trisect an angle by means of an equilateral 
hyperbola and its asymptotes; and afterwards solve 
the problem analytically. 



8. Having given the area and perimeter of a 
angled triangle, (o find the sides. 

9, Solve the following equations by Cardan's rule. 



HI. 

1. Investigate by geometrical considerations the diCj 
ferential of sin. x, and find the arc which ia increasir 
n times as fast as its sine. 

S. If the radii vectores in the Archimedean, loga-j^ 
rithmic, and hyperbolic spirals form equal angles affl 
their respective poles, how are the successive radii inl 
each of tlie spirals related to each other ! 

3. Find the polar equations in the ellipse and hyper-] 
bola, and by means of these equations trace thea 
curves. 

4<. Construct the following quantities, x= ■</a^- 



= x-^2a^ — b 



and inl 



constructing any rational monomial, how do you knovi 
on inspection tlie number of fourth proportionals that 
are to be found ? 

5. Prove that sin. ^A — sin. ^B = sin. {A + B). am, 
(A-B). 

6. To find the locus of points such that the ratio 
their distances from two fixed points A and B may be 
constantly equal to a given ratio of m ; w. 

7. The sides of a plane triangle are given : compare 
the radii of the inacrLbed and circumscribed circles. 

8. Naperian logarithms may he represented by 
asymptotic areas of the equilateral hyperbola. At 
what angle must the asymptotes be inclined which will 
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exhibit Briggs* system ? And on what does it de- 
pend ? 

9. A square is inscribed in a given square by di- 
viding the sides in the ratio ofm'.n; in the square so 
inscribed another square is inscribed in the same 
manner, and so on. After how many operations will 
the sum of the inscribed squares be equal to a given 
quantity ; and what is the limit of the sum of inscribed 
squares ? 



DIFFERENTIAL AND INTEGRAL 

CALCULUS. 



I. 



a^ -f x^ 



u = 



1. Differentiate ^ 'J ax ^ x- 

U = COS. X ""•* 

2. Find the equation to the curve, the distance of 
whose centre of gravity from the vertex is f of the ab- 
scissa. 

3. Find the polar equation to the hyperbola, the 
focus being the pole : and draw an asymptote to the 
curve considered as a spiral. 

4. Explain the meaning of conjugate points, multiple 
points, and cusps ; and state the rule by which, in ge- 
neral, singular points may be determined. 

5. Apply the above principles to the following 
equations, 

X* + 2ax^y — ay^ = 
y^ — axy^ + a:* = 

F 



^ 
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6. Integrate, 



and ax. 



2 o 



X ^Y x^ ^^^ — ^ 

7. The axis of a parabola is parallel to the horizon, 
a body falls from the vertex down the curve ; at what 
point in the curve will it strike a horizontal plane with 
the greatest force ? 

8. Shew that the logarithmic spiral is the equi- 
angular spiral of Newton : determine its chord of cur- 
vature passing through the pole, and its evolute. 



IL 



1. Differentiate^ 



u^ s/x^ s/x -{• s/x -\- >/&3: 



sm. — ^ 
u = 



•^i — x^ 



.r2 ^ I + X 



X 



2. y := -r -. Trace the curve, and draw an 

asymptote. 

3. Explain the different methods of integrating ra- 
tional, irrational, and transcendental functions. 

4. Apply Taylor's theorem to finding the contents 
of solids : and find the content of the solid generated 
by the revolution of a given parabola round its or- 
dinate. 

5. State the different methods by which the real 
value of fractions may be ascertained which take the 

form - in consequence of assigning a particular value 

to the variable : and find the value of 

X^ "^^ X 

u = i r when a? = 1 . 

log. X — X + I 



6. Find the subtangent, and the equation to the 
tangent, and determine the aBymptotes to the curve 
called the witch. 



f Equal 



x^ax 



7. Find the ratio of the solids generated by the 
rCTolution of an ellipse, hyperbola, and parabola upon 
the same axis, and having the same perimeter. 

8. Expand the arc in terms of the sine by Mac- 
laurin's theorem, and shew when and on what grounds 
the theorem has been stated to fail. 



MECHANICS. 

1. A body is acted upon by a force wliich is to the 
force of gravity as I ; 4, and nioTcs through 360 feet ; 
find the time and ve'ocity acquired. 

S. Find the plane oi shortest uescent from a given 
point P to a given straight line AE. 

3. If two heavy bodies, let fall at the same time from 
two given points in a vertical straight line, move after 
reaching the ground with their acquired velocities along 
tlie same horizontal straight line ; determine the point, 
by a geometrical construction, at which the one will 
overtake the other. 

4. When a body is sustained upon a curve whose 
coordinates are x and y, by any forces whose com- 
ponents in those directions are X and Y, shew that 
Xdx + Y(/y = 0. Apply the formula to find the 
position of equihbrium when a weight Q hanging freely 
supports a weight P upon a parabola whose axis is 
horizontal, by means of a string passing over the focus. 

5. If two bodies begin to fall at the same time from 
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I vertex of two inclined jilanca, llie linel 
joining them will move parallel to itself. 

(!. If a heavy sphere rest on two given inclined 
planes, required the ratio of the horizontal pressures. 

7. A body is projected from a given point in a given 
direction, find where it will strike a given plane passing J 
through the point of projection. 

8. Investigate expressions for the centres of gravitj 
oscillation, and gyration, and shew the proportioi 
their distanceu from the point of suspension. 

9. A ball, having descended to the lowest point of fc 
circle whose chord is m, drives an equal hall up an orpj 
whose chord is m : find the common elasticity. 



HYDROSTATICS. 



1 . Construct the common forcing pump, and shev 
what is the force necessary to force the piston down. 

2. In a capillary tube what part of the tube is ( 
ployed in suatauiing the fluid, and how is this provedfj 
Shew that the height at which the fluid will stand vaTien 
inversely as the diameter of the tube. 

3. A cube filled with fluid revolves on an axis p 
pendicular to the surface, and passing through ifei 
centre. To find the pressure on its surface. 

■1. Compare the times of emptying a hemispbere^fl 
when standing on its base and on its vertex, through aW 
small orifice at the extremity of the vertical diameter, 

^. Explain the action of a syphon, and shew how it j 
applies to intermittent springs. 

G. Given that it requires ^th part of the weight of a 
particle of water to overcome its adhesion, find what is 
the least slope down which the water may flow. 



37 

7. A given quantity of fluid being contained in a 
bottle of a given base, shew in what degree the pressure 
on the base will be affected by narrowing the upper 
part of the bottle so that the fluid may be made to 
stand higher. 

8. A lighter fluid rests on a heavier; their specific 
gravities are respectively 3 and G. A paraboloid whose 
equation is ax = p* floats between them with its vertex 
downwards, and sinks with ^ of its axis in the heavier. 
Find the specific gravity of the solid. 



OPTICS. 



!. Investigate a series for the aberration of light at 
a reflecting surface. 

2. When diverging or converging rays are incident 
nearly perpendicular upon a spherical reflector, the 
distances of the radiating point, the centre of the re- 
flector, and the focus of reflected rays from the surface, 
are in harmonical progression. 

3. At what angle must two plane reflectors be in- 
clined, so that the images of an object placed between 
them may be found in the angles of an equilateral pen- 
tagon? 

4. State the principal hypotheses which have been 
, formed respecting the nature of light, and the ob- 
jections which have been raised against each of them. 

5. A given rectilinear object ia placed before a sphe- 
rical reflector of given radius. Find the equation to 
the conic section which is its image. 

6. Explain the construction of Cassegrain's and 
Galileo's telescopes, and shew the advantages of each 
over the other. 



OXFORD 
MATHEMATICAL EXAMINATION. 

EASTER TERM, 1S30. 



ALGEBRA, GEOMETRY, et© 
I. 

1. Tangents to a circle drawn from a given"] 
without it are equal. 

2. In the solution of quadratic equations explain thtfl 
principle of completing the square ; and solve the fol- 
lowing equation, 1/2^;+ I + 2 V* = 

vg* + 1 

3. Give a method of approximation for the solutioal 
of a cubic equation, and apply it to j;' + 2** — 23«-*| 
70 = 0. 

4. Investigate the rules for extracting the square ] 
and cube roots in numbers ; and extract the squam I 
root of 59049, and the cube root of 13312.053. 

5. Explain the method of finding the distance be- 
tween two visible but inaccessible objects on an hori- 
zontal plane ; and shew how the requisite triangles are 
to be salved. 

6. The modulus of tabular logarithms is 

IVI = .434fi944819: 
shew in what manner this number is determined. 
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7. The product of the first and last teims in a geo- 
metrical progression ia 973, the number of terras 6, and 
the common ratio 3 : find the first and last terms. 

8. The area of a right-angled triangle is equal to the 
rectangle of the semiperimeter and excess of the semi- 
perimeter above the hypothenuse. 

9. Every triangle formed by any tangent and the in- 
tercepted segments of the asymptotes of an hyperbola 
is equal to a given area. 



II. 

1. Compare the side of a regular octagon inscribed 
in a circle with that of a square inscribed in the same 
circle. 

2. State the different methods of summation of 
series, and sum the following : 

i— 3- 5-!-S + 5^ -*"=•'"""*■• 

3. Find the value of x by logarithms in the following 
equation, b"~^= c"' x f~'' 

4. State Napier's rules for the solution of right- 
angled spherical triangles, and prove them when Co. 
hypothenuse is the middle part. 

5. Given the equation to a straight line, find the 
equation to another straight tine drawn perpendicular 
to the first, and passing through a given point. Also 
solve the same problem when the lines are referred to 
three rectangular coordinates. 

6. If rt, b, c, be the sides of a plane triangle, and A, 
B, C, the opposite angles, whereof C = f t, shew that 



7. Draw two conjugate diameters in an ellipse, 



inakiii(j[ a given iuigle with tacli other, and also a I 
tangent to a given point on the curve by properties of 1 
supplemental chords. 

I. Find the value of I 



g^ + &c. ad inf. 

9. Cxplain the metliod oi geometrical analysis, and 

exemplify it in constructing on a given line a triangle 

wliose base, sides, and perpendicular arc in continued 

proportion. 



III. 

1. Investigate expressions for the radius and chord I 
of curvature in all the conic sections, 

2. Given the base and difference of the angles at the I 
base.of a triangle, to find the locus of the vertex. 

3. If a, |3, y, be the respective angles which a lines 
makes with three rectangular coordinates, shew thati 

COS. ^a + COS. '^(9 + COS. -y = 1. 

a tan = .4 — 1 . 



4. Cotan. SA = - 



tan. ^ A — 
Bx — 120 



3 ton. .-/. 

= by means of trigonal- I 



5. Solve X* — 
metrical formulas. 

6. Shew the conditions requisite to fix the equation 
of the second degree to the hyperbola, and give the 
form which it assumes when each axis is made r^ 
Bpectively parallel to the asymptotes. 

7. Given the area, perimeter, and one angle of a tri- 
angle ; to find its sides. 

8. If systems of logarithms be taken whose bases are 
in geometrical progression, shew that their moduli are 
in harmonical progression. 



9. l( X — J - + j: ^ — j; ' + &c. = !/, required to find 
the value of j: in terms of ^. 



DIFFERENTIAL AND INTEGRAL 
CALCULUS. 



1. Differentiate u 

, I — 



'■ + «/«■ 



and u = sin. ~ 

1 -f ■^- 

Q, In the same cylinder are inscribed a sphere, a 
paraboloid, and a cone ; compare their solid contents. 

3. Integrate -fx^J and (a^ -i- x^^x'-dx. 

4. Find the equations to the tangent and normal of 
a curve at a given point, and apply them to the con- 
choid of NicomedeB, equation x^y^ = (a + sc)" 
(b' — ^'). 

5. Find the equation to the curve whose subtangent 
is always equal to the sum of the abscissa and corre- 
sponding ordinate, and determine the area when the 
abscissa and ordinate are equal. 

6. Required the least triangle that can circumscribe 
the quadrant of an elUpee. 

7. The radius of curvature of the involute is a 
tangent to the evolute. 

8. Trace the curve whose equation is y' — ax^ — 
x^ ^ 0, and determine its multiple and singular 
points. 

9. Draw a tangent to a spiral, and apply it to the 
spiral whose equation is r = n sec. 8. 
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II. 



1, Differentiate u ^ 2 



and ti 



:h.l.\ 



^/l — a 



- -^1 —x^' 

S. Investigate by the difFerential calculus a Formula 
for discovering the sines, cosines, &c. of multiple arcs 
in terms of tlie powers of the ainea and cosines of the 
.imple arc. 

3. Integrate 

-; ■ " ■■ — , and t/^dj/ = Syxdx — x'-dy. 

4. Prove that the content of a solid of revolution is J 
equal to the product of the generating plane into the I 
path of the centre of gravity ; and hence compare thsf 
contents of the solids generated by the revolution of a I 
cycloid round ita base and round the tangent at its I 
vertex, 

5. Point out the nature and use of imaginary fiiDol 
tions, and by their means connect the circular and I 
logarithmic fiinc tions. 

(i. Find the nature of the curve such that its surface! 
of revolution is equal to the area of the circle whose I 
radius is the chord of the arc intercepted between the I 
abscissa and ordinate. 

7, Define wliat is meant by curvature and by contact J 
of different orders, and illustrate tlie theorem, "that! 
when the first unequal differential coefficients are ofX 
the (k + l)th order, the contact is of the »th order." 

8. Develope « = (cos. .r) " by Maclaurin's theorem. 



MECHANICS. 

1. A weight is supported on an inclined plane by a 
power acting parallel to the base : fintt the inclination 
of the plane when P : W : : 1 : V 3. 

2. A body is projected so that its horizontal range 
is a maximum, and another body oscillates in u cycloid, 
the axis of which is the height due to the velocity of 
projection. Compare the time of flight with the time 
of an oscillation. 

3. State the different principles on which the pro- 
perties of the mechanical powers liave been established, 
with their relative advantages. 

4. A body commences its motion on the convex side 
of a cycloid corresponding to an arc of 30° of the ge- 
nerating circle. Determine the point where it will fly 
off from the curve. 

5. Investigate an analytical expression for the equi' 
librium of a body supported on a curve by a string 
over a pulley, and shew how its position may be de- 
termined by the relation between its abscissa and the 
distance from the pulley to the body. 

6. Compare the moment of inertia of a circle revolv- 
ing round a diameter with that of an equilateral triangle 
inscribed in the circle, so that its perpendicular coin- 
cides with the axis of rotation. 

7. From a point of suspension which is in the inter- 
section of the axis and directrix, the area of a common 
parabola is made to osciMate Jiatteays. Required centre 
of oscillation. 

8. A scalene triangle has its plane vertical, and the 
greater side exceeds tlie less by half the base. The 
time of falling down the greater side is equal to the 
time of falling down the less, together with the time of 
describing the base with the velocity acquired. Re- 
cjuired proof. 



HYDROSTATICS. 



1 . Explain the principle of the hydrometer, ana 
duate !t so as to indicate equal changes of speciticl 
gravity. 

3, Compare the resistance to a given cylinder moving 
in a fluid in the direction of a perpendicular to its axis^l 
with the resistance to the same cylinder moving vri(ll| 
the same velocity in the direction of its axis. 

3. Find an expression for the time of emptying an^ffl 
vessel through an oriiice in the bottom, and compare!^ 
the times of emptying two equal paraboloids, the orifice 
of the one being in the vertex, and the other in the 
base. 

4. A body projected towards a centre of force 
descends through a medium whose resistance is as the 
square of the distance ; when will the body have 
acquired its maximum velocity? 

5. A barometrical tube is 3i inches long, and aftei 
invei-sion the mercury stands at the height of 27 incheaf^ 
required the quantity of air previously in the tube^^l 
supposing the standard altitude to be 30 inches. 

G. A sphere floats between two fluids : its specific I 
gravity is a geometrical mean between the specific gra-fl 
vities of the two fluids. Find the ratio of 
mcnts into which its vertical diameter is divided by th* 1 
common surface of the fluids. 

7. Shew that there mai/ be six different positions ofM 
equilibrium in which a homogeneous triangle may float 1 
in a fluid, one angle at least being immersed. ' 

8. If the density of a fluid vary as the wth power of 
the depth, And the section of a hemisphere parallel to 
the surface in which the i)reb-8ure is a maxunum. 



OPTICS. 

1. Shew by what experiments Sir I. Newton ascer- 
tained that light is not homogeneous. 

2. If the reflecting curve he a logarithmic spiral, 
and the radiating point be in the pole ; construct tlie 
caustic. 

3. Given the position of an object placed between 
two plane reflectors inclined at a given angle, find an 
expression for the number of images, and apply it to 
the case where the angle of inclination is II" 15'. 

4. Investigate the form of a surface which shall accu- 
rately reflect parallel rays. 

5. Compare the density of the sun's rays formed by 
a spherical reflector with that of his rays formed by a 
glass sphere of the same radius. 

6. Compare the magnifying powers of Cassegrain's 
telescope with that of Newton, having the same eye- 
glass and large reflector. 

7. The reflecting point of a caustic being given, 
shew that there are an inflnite number of reflecting 
curves which shall produce the same caustic. 

8. Explain the construction of the rainbow, and 
shew that in the primary rainbow the violet rays are 
lowest, and the red highest, but that in the secondary 
tliia order is inverted. 



ASTRONOMY. 

1. Explain the principles of dialling, and construct 
a horizontal dial, 

3. The right ascension of a star is 6'' 36"" 41', its de- 
clination IG" 27' 30" S. ; the right ascension of another 
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star U 7'' 29"' 14", and its declination 5° 4^' 34" N.; fiiu 
their diataiice. 

3. De6ne parallax, and shew how it affects the hoi 
angle and declination of a body. 

4. State the difierent methods and ohser^'ations 
necessary for finding the latitude of a place. 

5. Shew how to calculate the corrections necessary 
in astronomical observations irom the effect of r&'J 
fraction. iH 

6. State the different theories which philosophers^ 
have maintained with regard to the system of the 
world. 

7. Define true, eccentric, and mean anomaly, and 
state the equations which express the relations between 
them. 

8. Point out in the three first sections of Newtc 
such propositions as apply to the motions of tin 
heavenly bodies. 



PRINCIPIA. 



1. Explain the method of exhaustions, of indi-fl 
visibles, and of prime and ultimate ratios, and give ex-l 
am pies in each. 

2. Compare the angular velocity of the radius vector! 
from the focus with that of the perpendicular on the.B 
tangent in any conic section. 

3. In a parabola the velocity is reciprocally in the I 
subduplicate ratio of the distance ; in the hyperbola it 
is less varied, and in the ellipse it is more varied than 
in this ratio. 

4. Extend the Vlllth Proposition of Newton to all- 
the conic sections, , . 



49 

5. The force varying as — - a body is projected in a 

direction perpendicular to the distance with a velocity 
acquired in falling from infinity ; after how many revo- 
lutions will it fall into the centre ? 

6. Extend the IVth Proposition, as relates to the 
circle, to the case of bodies describing similar parts of 
similar figures round centres of forces similarly situ- 
ated. (Cor. 8.) 

7. Determine the point in an ellipse, the centre of 
force being in the focus, where the velocity is an har- 
monic mean between the greatest and least velocities* 

8. Investigate an expression for the periodic time of 
a body describing a conical surface, and hence deter- 
mine the times of revolution of bodies retained by 
unequal strings in horizontal circular orbits, the dis- 
tances of whose centres from the points of suspension 
are equal. 



H 



OXFORD 

MATHEMATICAL EXAMINATION. 

MICHAELMAS TERM, IS30. 



ALGEBRA, GEOMETRY, etc. 

L 

I. Prove the rules for the addition, subtractionfl 
multiplication, and division of fractions. 

a. If a given angle be divided into any two parta^j 
the difference of the sines of those parts hears a given 1 
ratio to the difference of their cosines. 

S. If an equilateral triangle be described about a I 
circle, the line joining any angle and the middle of the I 
opposite side is trisected by the centre and cic-J 
cumference. 

4. Given the chord of B, deduce the other trigone- 1 
metrical lines, and adapt them to radius r. 

5. Given the geometric mean and the sum of the J 
arithmetic and harmonic means, to determine the ex- 1 
trenies. 

6. The equations to two lines being y = ax + ^ I 
and ^ = a'x + b', required the tangent of the a 
which they form, when the axes of co-ordinates makef 
any angle. 

7. Three points being given on a plane, to determine 
a fourth by means nf the angles which lines drawn 
from the required point to the given points make with 
each other. 
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8. Transfomi x' — 6x~ + 9x — I =0 into an 
equation which shall want the third term. 

9. Prove that a'" — fi" is divisihle by a — b when 
m is a wliole number. 



II. 

1. Find the sine of one-third of an arc as a function 
of the sine of that arc. 

2. On a given straight line to construct a triangle, 
so that the squares of the sides may he in a given 
ratio. 

3. Sum the series 



+ (. + 5^ +oT + &c- 3d infin. 



3 9 27^81 



i) 



— &c. ad infin. 



and the recurring b 



4. Sin. (A — B) = sin. A sin. B (cot. B — cot. A.) 

5. A^^' + B-a;^ = A^B- being the equation to an 
eUipse, and y = ax, y = a'x, equations to two right 
lines ; determine the relation between a and J, in 
order that they may represent a system of conjugate 
diameters. 

6. In the ellipse and hyperbola the rectangle con- 
tained by the perpendiculars let fall from the foci upon 
any tangent is equal to the square of the semi-minor 
axis. 

s.S' = «.J. 
i.8in. 9' + cos. e. = M V 
e. and COS. ^. 

8. The ordinate to a line of the second degree being 
produced till the whole is equal to the distance of the 
point on the curve from the focus ; find the locus to 
the extremity. 



, Given \ . 
(.Bin, 



; required the sin. 



9. The diagonals of a quadrilateral figure, and the 
angle which they make with each other being given ; 
to lind the area. 



III. 

1. Find geometrically expressions for the radius and 
chord of curvature through the focus in all the conic 
sections. 

2. Find the polar equation of a line of the second I 
degree, the focus being the pole. 

3. The roots of the equations x" — ^i"-' + yar"*— ' — 
&c. = 0, being a, fi, 7, &c. to find the value of a™ + 
iS" + y« ^- &(.. in terms of the coefficients p, g, r, & 

4. Given the perimeter and area of a right-angled | 
triangle, to determine the triangle. 

5. Required the locus of the intersectionB of pairs of I 
tangents to an ellipse, which are always parallel to 
conjugate diameters. 

6. What are the methods of computing an angle of ' 
a plane triangle, when the three sides are given ? and 
compare their peculiar advantages. 



7. Tan. A 



^^\^ 



cos. 3 A 



' COS. 2 A 

8. The rectangle under the segments of a chord 
passing through the focus varies as their sura. 

9. The greatest negative coefficient is greater than 
the greatest root of an equation. 



DIFFERENTIAL AND INTEGRAL 
CALCULUS. 



L 

1. Prove the rules for differentiating, 1st, - when (w) 
and (v) are functions of x ; Sndly, a* ; Srdljj tan. *■ 
a. Differentiate 1. m = . /™ + * 




3. Explain the method of determining the quantity 
which is the limiting value of a fraction whose nume- 
rator and denominator approximate to zero, and apply 
. a' — b' 



when X 1=0. 
4. Find a curve which i 



5, Integrate - 



1 asymptote to y' 



dx 



12a: 



{x'> + a-)* x^ — 7 

6. Trace the curve whose equation is x* = a*y^ + 
x^t/'. Find its rectihnear asymptotes, and points of 
inflexion. 

7. Required the equation and area of the curve 
whose tangent and subtangent have always the same 
given difference. 

8. Shew how the points of contrary flexure to spirals 
may be found ; and apply the method to find the point 
of contrary flexui'e in the spiral whose equation is 



-1' 



9. Inveiitigate the conditions of a maximum or al 
minimum, and determine the least triangle which caul 
circumscribe a given parabolic area. 



I. Integrate dx = 



, -^ . " - J X and 1/ vanishing to- 1 
V 4a — tf ' 

gether ; and construct the locus of the integral. 

2. P being a given point on a given right line, find 
the curve in which the distance of any point from P is 
to the distance of P from the point where the normd ^ 
intersects the given line in a given ratio. 

3. Develope e ande by Maclaurin's theo- J 
rem, and hence deduce values of cos. x and sin. ^. 

4. Of all supplemental chords of an ellipse find thoael 
which form the greatest angle. 

5. Expand v =: <p {x + h, y + i) in a series of th0-J 

powers of /( ank k, and shew that - — ;- = , ■ ,— 
^ lixay aydx 

6. Find the co-ordinates of the centre of curvature I 
of any curve, and shew how the equation of the evolute A 
may he obtained, and find that of the parabola. 

7. At the points of greatest and least curvature, th6 4 
contact is of the third order. 

8. Investigate expressions for the arc, area, and per- 
pendicular upon the tangent in spiral curves, and find 

1 whose equation is 6 = - between 



e spiral v 



two radii b and r 



9. Explain what is meant by a multiple point, and \ 
find it in the curve wliose equation is ay- = *" (i + «). 



MECHANICS. 

I . The time of falling down a given plane at an ele- 
vation of 45° is one second ; find the elevation of the 
same plane which would make the time of descent two 
seconds. 

^. Prove the general proposition of the wedge, and 
apply the result to the case of an equilateral wedge, 
when the power on the back acts perpendicularly, and 
the resistances on the sides are equal and act perpendi- 
cularly to the back. 

3. A perfectly elastic ball is let fall from the top of a 
tower on a plane inclined at an angle of i<5°, whence it 
rebounds and falls to the ground ; find the range. 

4. In the collision of two perfectly elastic bodies, 
prove that the sum of the products of each body into 
the square of its velocity is the same before and after 
impact. 

5. Two material points connected to each other and 
to a fixed point by an inflexible rod, oscillate about the 
fixed point ; determine the motion. 

6. A body falls down a curve ; find the value of the 
pressure, and apply it to the circle. 

7. Given the magnitudes and directions of any num- 
ber of forces acting on a point in a plane, find the 
magnitude of the resultant, and the equation of its 
direction. 

8. Two circles touch each other, and the line joining 
their centres is vertical ; if chorda be drawn through 
the point of contact, compare the times in which falling 
bodies will describe the parts of the chords intercepted 
between the circles. 

9. Explain D'Alembevt's principle, and apply it to 
determine the motion of two bodies upon two given in- 
clined planes, which are connected by a string passing 
over a pulley at the vertex. 



HYDROSTATICS. 



1. Required the siiecific gravity of the mixture of 
two fluids, I. when equal weights, 2, when equal mag- 
nitudes are mixed. 

2. Compare the pressure sustained by a concave 
sphere filled with water, with that sustained by a cylin- 
der circumscribing it, and also tilled with water. 

3. A rectangle inclined at any angle to the horizon, 
having one of its sides horizontal, is immersed in a 
given fluid ; find the centre of pressure. 

i. If the force of gravity at different heights above 
the earth's surface be the same, the density of the air 
will be represented by the ordinate of a logarithmic 
curve of which the absciss is the height. 

5. Investigate an expression for the resistance to a 
body moving in a fluid in the direction of its axis, and 
compare the resistance to a parabola with that on the 
chord joining the vertex and the extremity of the focal 
ordinate. 

G. Explain the construction and action of the air- 
pump, and shew that the air can never be wholly ex- 
hausted. 

7. Find an expression for the time in which a vessel 
will empty itself through a small orifice in the base ; 
and if a paraboloid, with its vertex downwards, be 
emptied by an orifice in its vertex, compare the times 
in which the fluid descends through the first and last 
half of the axis. 

H. If the altitude of the mercury in a barometer 
placed in a cylindrical diving bell be observed at the 
beginning and end of the descentj required the depth 
descended. 



I 



OPTICS. 



1. Given the fucal length and radii of the surluces 
of a double convex lens ; determine the ratio of the 
sines of incidence and refraction. 

2. Find the image of a straight line inclined at any 
angle to the axis of a spherical reflector. 

3. When parallel rays are incident upon a spherical 
reflector of small aperture, find the lateral and longitu- 
dinal aberration. 

4. If a circle be immersed vertically in water, deter- 
mine the figure and dimensions of the image. 

5. Find the caustic when the refracting surface is a 
plane. 

6. Given the focal lengths of any number of con- 
tiguous lenses, the thicknesses of each of which are 
very small ; deduce an expression for the focal length 
of the compound lens. 

7. Shew that the primary rainbow is never greater 
than the arc of a semicircle. 

8. Explain why all the parts of the field of view of a 
telescope are not equaUy bright ; and find the propor- 
tion of the bright part to the whole in the astronomical 
telescope. 



ASTRONOMY. 

1. Explain the apparent diurnal motions of the 
heavenly bodies, and the cause of the variety of the 
seasons. 

2. Shew from Kepler's first law that the principal 



force which animates each planet is directed to the I 
Bun; from the second, that it varies inversely as the ] 
square of the distance ; and from the third, that its j 
intensity is the same for each planet, 

S. Explain what is meant by the equation of titnCi 
and sliew that it vanishes four times a year. 4 

\: Shew that the apparent motion and phases of an 1 
inferior planet agree with the Copernican hypothesis. 

5. Required the sun's longitude when his declinaticm I 
is 21° 2G' 35", and the ohliquity 23' 27 41". 3. 

6. Find the eccentricity of the earth's orbit from the I 
observed greatest and least apparent diameters of the I 



PRINCIPIA. 



1. Give the different expressions for finding the 
variations offeree in tlie corollaries in the sixth propo- 
sition, distinguishing those which do not apply to dif- 
ferent orbits, and shew how they may be made general. 

9. If the equation to the curve be m° = : 

determine the Tariation of the force. 

3. A body describes an equilateral hyperbola by a I 
repulsive force from the centre, the force and velocity I 
vary according to the same law. 

4. Explain the limitations made in the first lemma, I 
and find by the method of hmits the area of the I 
common parabola. 

5. Find the ratio of the velocity of a body revolving 1 
in a conic section to that of a body revolving in a J 
circle at the same distance. 

6. Determine the velocity of rotation of the earth. 
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in order that the weight of a body at lat. 45® should be 
half the weight it would have, were the earth not to 
revolve. 

7. The force varying as the distance from the centre, 
the time of descent to the centre is the same from 
whatever point the motion commences. 

8. Find the trajectories which a body projected 
from a given point ^ith a given velocity and in a given 
direction may describe, when acted upon by a central 
force varying inversely as the square of the distance 
from the centre. 



* 



